DNA seems to be a general mechanism for activation of tran-
why Tax activates the structurally unrelated enhancers.
Contrary to the indirect association to DNA, Tax can activate specific transcription through suppression of negative Introduction regulator of transcription such as IB. 5, 6 Tax binding to IB␣ dissociates the inactive complex of IB␣/NF-B in the cyto-A retrovirus, human T cell leukemia virus type 1 (HTLV-1), plasm and induces the nuclear translocation of the NF-B prowas identified as a causative agent of adult T cell leukemia teins. In normal cells, the nuclear translocation of NF-B is (ATL), a unique malignancy of T cells. Later, the same virus initiated by signal-dependent phosphorylation of IB␣. Tax was also shown to associate with a neurological disorder of protein, therefore, seems to bypass the control mechanism the spinal cord, HTLV-1-associated myelopathy or tropical through phosphorylation. In the activation of NF-B, Tax spastic paraparesis (HAM/TSP). Since the total structure of the interacts at two independent steps, binding to IB in the cytoviral genome and the etiologic association with ATL were plasm which suppresses the negative function of IB and bindestablished, 1,2 molecular studies on the interaction between ing to NF-B in the nucleus which enhances the activating HTLV-1 and host cells have been carried out to understand function of NF-B. how the viral infection induces cellular immortalization, transformation, and ATL. A HTLV-1 regulatory protein, Tax, has been proposed to play a central role in induction of ATL.
Promotion of cell cycle There are many indicatives for this proposal, including its capability to induce immortalization of normal human T cells,
The binding site of IB to Tax protein was the so-called ankyto transform rodent fibroblasts and to induce tumors in the rin motifs repeated in the molecule. Interestingly, a cell cycle transgenic mice carrying the tax gene /CDK4 complex with subsequent see Refs 3 and 4). These cellular genes include interleukin-2 activation of CDK4 kinase, which should induce phosphorylreceptor ␣ chain (IL-2R␣), granulocyte-macrophage colonyation of Rb. This effect on the CDK4 immediately predicts that stimulating factor (GM-CSF), interleukin-6 (IL-6), parathyroid Tax would induce cell proliferation. This was demonstrated hormone-related protein (PTHrP), MHC class I, c-jun, c-fos, using the transformed cell line, U2OS, in which the p16 INK4A c-egr and many others. However, Tax protein does not bind gene was deleted. The U2OS cell line proliferated well forto enhancer DNA of these target genes, but binds to CREB ming large colonies, however, expression of p16 INK4A by trans-(cyclic AMP-responsive element (CRE) binding protein) and fection induced efficient cell cycle arrest at G1 maintaining CREM (CRE modulator protein) that binds to the 21-bp the cell as a single form with flat cell phenotypes. Expression enhancer of HTLV-1 LTR. Tax also binds to the NF-B proteins of p16 INK4A together with Tax did not induce cell cycle arrest, that bind to the NF-B binding sites of many genes for lymbut induced efficient colony formation, indicating that Tax phokines and others. Furthermore, Tax protein binds to SRF suppressed p16 INK4A -mediated inhibition of U2OS cell (serum response factor) that binds to the SRE of the c-fos and growth. Therefore, Tax binding to p16 INK4A and activation of c-egr genes. Therefore, indirect association of Tax to enhancer CDK4 and CDK6 should function and induce cell proliferation in vivo when it is expressed at reasonable levels. forming proteins of DNA tumor viruses such as the T antigen
